INTRODUCTION
As the hypertension has been known as a major risk factor of cardiovascular disease, cerebrovascular disease, congestive heart failure, chronic renal failure, and peripheral vascular disease (1) (2) (3) , the primary prevention of hypertension is very important (4, 5) . Among the known risk factors of hypertension in westernized populations, 'high-normal blood pressure (HNBP)' is especially important for the prevention of hypertension because it can be detected early and controlled by some drugs. However, there has been no prospective study of identifying the HNBP as a risk factor of hypertension in Koreans, so that an active prevention of hypertension by the control of HNBP has not been done. This study was done to elucidate the HNBP as a risk factor of hypertension to be applied in the primary prevention strategy in Korean population.
MATERIALS AND METHODS
To identify the HNBP as a risk factor of hypertension, an individual level of blood pressure should be taken before the occurrence of hypertension. Especially for the causal relationship, a prospective cohort study should be done after getting information on confounders as well as potential risk factors.
The study cohort was constructed from the Seoul Cohort, which is comprised of 54,378 men (Fig. 1) . The eligibility criteria for the Seoul Cohort were that subjects were male beneficiaries of the Korea Medical Insurance Corporation (KMIC)
A Nested Case-Control Study on the High-Normal Blood Pressure as a Risk Factor of Hypertension in Korean Middle-Aged Men
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As the hypertension could be treated as an outpatient and attributed to a measurement error, identification of incident cases using only the follow-up system is not appropriate. Hence, a nested case-control study with new selection criteria for incident cases was taken for elucidating a causal relationship. The subcohort participants were those who had systolic blood pressure below 140 mmHg and diastolic blood pressure below 90 mmHg in screening test in 1992 among the nor- Table 3 . Comparisons of physical activity between incident cases (n=247) and controls (n=988) among Seoul Cohort Study, 1992* motensive participants of the Seoul Cohort. Follow-up was done from January 1, 1993 to June 30, 1997 using the medical treatment claims (MTC) database of KMIC, which were sent from the medical care institution whenever a beneficiary received any treatment. If a study subject had a diagnostic code of 401-405 on ICD-9 or I10-I15 on ICD-10 during the follow-up period, we regarded him/her as a potential case. The incident date was defined as the earliest date of receiving treatments. However, since the MTC database of KMIC was only the secondary data source, the potential case had to be confirmed as an incident case. We performed three methods as review of medical records through the hospital survey, telephone contacts, and direct measurements of blood pressure.
An incident case was defined as follow: first, a blood pressure level meeting the criteria of hypertension on JNC VI (9) or a history of taking some anti-hypertensive drugs in the medical review; second, a history of diagnosis with hypertension in telephone contacts; third, a blood pressure level meeting the criteria of hypertension on JNC VI in direct measurement. The participants of Seoul Cohort excluding the potential cases were considered as potential controls. Among them, controls were selected by frequency matching with 1-to-4 ratio according to the year of birth in each case. Three kinds of methods for case identification-chart review, telephone contact, and direct measurement-were done in 118, 591, and 465 potential cases, respectively, among subcohort participants (n=8,722), so that 247 cases were finally confirmed (Fig. 3) . Thus, the total number of subjects was 988, because controls were selected by frequency matching with 1-to-4 ratio.
Baseline Information on potential confounders was obtained by self-administered questionnaires survey, which was done in 1992 (6) (7) (8) . Covariates without known cut-off values, total energy expenditure, intakes of herb medicine, intakes of foods and nutrients, were categorized according to quartile.
After excluding the nonresponding data of exposure variables as missing (10) , odds ratios (OR) and their 95% confidence intervals (CI) were calculated to determine any statistically significant difference between cases and controls. For 
RESULTS
There was no difference in age distribution between two groups due to age matching. There was no statistically significant difference in marriage status, occupation, and socioeconomic index, except education level (Table 1) . When the education level was reclassified as below and above 12 yr, a statistically significant difference was revealed (OR 1.67; 95% CI 1.06, 2.64) ( Table 7) . Both the HNBP according to the initial measurement and higher BMI showed a statistically significant difference, especially, BMI showed a significant trend. Family history of hypertension was not different between two groups.
As for the smoking habit, the group with a history of quitting smoking had a higher risk than no smoking group (Table  2) . However, there was no dose-response relationship in total cigarette index. The group with weekly ethanol intake of 281-560 g showed a statistically significant difference, Table 5 . Comparisons of intakes of food items between incident cases (n=247) and controls (n=988) among Seoul Cohort Study, 1992* compared with the group with no drinking history (OR 1.98; 95% CI 1.18, 3.34). When recategorizing the weekly amount of ethanol intake into two groups based on 280 g, the odds ratio changed into 1.58 (95% CI 1.16, 2.16) ( Table 7) .
As for the weekly physical activities, there was no statistically significant difference (Table 3) . However recategorizing the variable based on 4 times per week showed a statistically significant difference (Table 3) .
None of the intakes of multivitamin, vitamin A, vitamin C, and vitamin E showed a statistically significant (Table 4) . However, a dose-response relationship was shown in intakes of vitamin A and C. When recategorizing the two variables, intakes of vitamin A and C, there was a statistically significant difference, compared with non-intake groups (Table 7) . There was no significant difference in variables of intakes of taste foods such as coffee, tea, green tea, coke, and ginseng. When recategorizing the variables of coffee and coke, there was a statistically significant difference, compared with nonintake groups ( Table 7) .
As for the food items, the third quarter group in intake of pork showed a statistically significant difference (Table 5) . Also there was a statistical significance in the second quarter group in intake of grilled fishes, the fourth quarter group in intake of salt-fermented fishes, and the second quarter group in intake of raw shellfishes ( Table 5) .
As for the intakes of nutrients, none of total energy intakes, protein, fat, fiber, sodium, potassium, phosphate showed a statistically difference (Table 6 ). However the fiber intake showed an opposite direction in OR between the fourth and the other groups, so that the recategorization into two groups showed a statistically significant difference (OR 0.58; 95% CI 0.40, 0.85) ( Table 7) .
The recategorization of the 11 variables such as education year, history of quitting smoking, weekly amount of ethanol intake, weekly physical activity, intakes of vitamin A and C, intakes of coke and caffeine, daily intake of fiber, BMI and HNBP, showed statistically significant differences in univariate analysis (Table 7) . After testing for intervariable independence among the 11 variables, 9 variables, except intakes of vitamin C and coke, were finally selected for multivariate analysis. The forward regresssion methods revealed the most fitted models for six variables-HNBP group, BMI, daily amounts of dietary fiber intake, weekly amount of alcohol intake, history of quitting smoking, and weekly times of exercise (Table 8-model 3 ). The final model revealed HNBP, BMI, weekly amount of alcohol intake, and history of quitting smoking as risk factors, and daily amount of dietary fiber intake and weekly times of exercise as protective factors.
DISCUSSION
In accrodance with previous reports that HNBP was one of the risk factors of hypertension (1, 4, (11) (12) , this paper also showed that HNBP would be the risk factor after adjusting for sociodemographic factors, BMI, family history, smoking and drinking, sleep and daily activity, intakes of drugs and taste foods, and dietary habits. Thus, physicians suggest some strategies for prevention of hypertension for Korean middleaged men with HNBP.
The results of this study showed four risk factors such as obesity, excessive drinking, lack of exercise, and HNBP, in agreement with National High Blood Pressure Education Program Working Group, which suggested HNBP, obesity, family history of hypertension, excessive intakes of salt and drinking, lack of exercise, and African-American as risk factors of hypertension (13) . If a person had one of these risk factors, certain measures for the primary prevention were recommended and proved to prevent an elevation of blood pressure (11, (14) (15) (16) .
The excessive intake of salt did not show a statistical significance, in contrast with previous reports (2, 17) . Some methodologic challenges might have existed in studies on the relationship between sodium intake and blood pressure. These include measurement difficulties due to variation in day-to-day consumption of sodium (18) as well as a limitation of the measurement itself (19, 20) , the inter-relation between dietary habit and individual characteristics (21), the interaction of nutrition absorption (22) , and the correlation to other risk factors of hypertension (23) . However, the highest intake of salted-fish showed a statistical significance (OR=1.51; 95% CI 1.00-2.27) and a trend so that the limitation of salt intake should be recommended without further evidences.
Smoking was not shown as a risk factor of hypertension in this study. It would be due to the prohibit smoking before measurement of blood pressure (24) . However, smoking is known as a risk factor of cardiovascular disease (25) , so that a person with some risk factors of hypertension should be strongly recommended to stop smoking (26) .
The history of quitting smoking was shown as a risk factor of hypertension in this study as well as other reports (27, 28) . This result could be explained by the relaxing effect of beta-endorphin (29) . A person who has quitted smoking cannot control the stress level effectively, so that the risk of hypertension increases (30, 31) . Moreover, there was an increasing trend in odds ratio until 14 yr after quitting smoking ( 2 trend=7.56; p-value<0.01). These results would suggest that it should be necessary to follow up for at least 15 yr after quitting smoking.
One should interpret the results carefully according to the selection of cases and controls. Review of medical charts, telephone contacts, and direct measurements of blood pressure levels were used to select the cases. But the controls were chosen by age matching among those who had not received any medical service during the follow-up periods. Controls might be incomplete without a survey for individual identification and this may bias the relative risk towards the nulls and weaken the statistical power. Hence we need an additional study for some variables, which did not show a statistical significance.
In conclusion, a middle-aged Korean man with a HNBP should take some measures for the prevention of hypertention (OR=1.84; 95% CI 1.31-2.56). Physician should suggest some strategies for the prevention of hypertention to a visitor having overweight, over-drinking, low physical activity, or history of quitting smoking. The primary strategies against hypertension in Korean men may be weight control, control of ethanol intake (below 70 gm per week), adequate exercise (above 4 times per week), and adequate intake of dietary fiber. 
